Analogue of Cavity QED for Coupling between Spin and Nanomechanical Resonator 
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We describe a cavity QED analogue for the coupling system of a spin and a nanomechanical 
resonator with a magnetic tip. For the quantized nanomechanical resonator, a spin-boson model for 
this coupling system can refer to a Jaynes-Cummings(JC) or an anti-JC model. These observations 
predict some quantum optical phenomena, such as squeezing and "collapse-revival" in the single 
oscillation mode of the nanomechanical resonator when it is initially prepared in the quasi-classical 
state. By modulating the phase of RF magnetic field one can switch the system between the JC and 
anti-JC model, which provides a potential protocol for the detection of the single spin. A damping 
mechanism is also analyzed. 

PACS numbers: 03.65.Ta, 76.60.-k, 74.50.+r 



I. INTRODUCTION 



Many recent experiments have exhibited the possibil- 
ities to reach GHz mechanical oscillations by a mechan- 
ical resonator in the nano-scalejj, 0, y, With such a 
high oscillating frequency and at the temperature of mK, 
the nanomechanical resonator(NAMR) should be mod- 
elled as a quantized harmonic oscillator rather than a 
classical harmonic oscillator. Such a quantized NAMR 
offers a realistic system to explore the new phenomena 
in the quantum-classical crossover, such as the quanti- 
zation and the decoherence of generic macroscopic ob- 
jects. And the quantized nanomechanical resonator is 
a crucial component of the nanomechanical analog of a 
laser [fj or maserj^. The experimental progresses were 
made in nanomechanical oscillators, as well as in mag- 
netic resonance force microscopy (MFRM). Gaidarzhy et 
at demonstrated GHz-frequency oscillations by a nano- 
scale mechanical resonator with antenna structure 0, 
while Rugar et al. demonstrated a single electron spin 
detection by the MRFM 0. In the MRFM, the system of 
spins and the NAMR is often treated in a quasi-classical 
way [K, where the NAMR is considered as a classical 
harmonic oscillator. 

As the number of spins in the sample approaches one 
and the NAMR reaches quantum regime, a fully quan- 
tum model is expected to describe this coupling system 
correctly. In this paper we establish a spin-boson model 
for this coupling system of the spin and the NAMR. By 
quantizing the oscillation of the NAMR, a spin-boson 
model which is an analog of the Jaynes-Cummings(JC) 
model in the cavity QED and quantum optics, can be 
established for some setup parameters. The successful 
implementation of such setup in the near future experi- 



ments will lead to the so called mechanical QED struc- 
ture. 

Such artificial engineered cavity QED structure can 
also demonstrate the feature of the quantization of the 
NAMR through the physical effects similar to various 
quantum optics phenomena. For example, in the large 
detuning limit that the NAMR does not exactly resonate 
to the spin, the virtual transition of the spin will result 
in the interesting squeezing effect for the NAMR. In the 
resonant case, the quantum dynamics of the coupling sys- 
tem is described by JC and anti-JC models and thus the 
typical "collapse-revival" phenomenon can be exhibited 
by the photon mode of the NAMR. 

The paper is arranged as follows. In Sec[n]a spin-boson 
model is presented for the coupling system of the spin 
and the NAMR. We then show in Sec|TTI|that the single 
mode oscillation of the NAMR is dynamically squeezed 
in two different ways with respect to the initial states of 
the spin |0) and |1) in the large detuning limit. In Sec II VI 
JC and anti-JC models are established for the coupling 
system for the special phases of rotating RF magnetic 
field, which suggests a potential way to detect single spin. 
In Sec[V] we consider the damping of the oscillation of 
the NAMR that is exposed to thermal noise. In the end, 
there are some remarks in Sec I VII 
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II. SPIN-BOSON MODEL FOR COUPLING 
SYSTEM OF SPIN AND NANOMECHANICAL 
RESONATOR 

The schematics of the coupling system of the spin and 
the NAMR is illustrated in Fig^ It is similar to that of 
the MRFM, but here the NAMR is quantized, since it is 
assumed to oscillate at GHz under a temperature of mK. 
A ferromagnetic particle is glued on the middle of the 
NAMR and exerts a gradient magnetic field on the spin 
below. Besides, there are also a static magnetic field Bo 
pointing in the z-direction and a rotating RF magnetic 
field B±(t) imposed on the spin. 
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FIG. 1: (Color online) The setup of the spin and the nanome- 
chanical resonator. They are coupled with each other by a 
tiny ferromagnetic particle attached on the NAMR. 

The magnetic tip produces a dipole magnetic field at 
the position of the spin j^: 

B I2 3(n • m)n - m 

~~ 47T 7* ' (1) 

where /io is the vacuum magnetic conductance, n the unit 
vector from the tip to the spin, rh the magnetic moment 
of the ferromagnetic particle pointing in the z-direction, 
r the distance between the tip and the spin. The ref- 
erence frame is established with the origin point at the 
balance position of the magnetic tip. For the sake of the 
simplicity we assume that the spin is exactly beneath 
the tip and the NAMR with the magnetic tip oscillates 
in the x — z plane. The coordinate of the spin is set to 
be (0,0, d). As the vibration amplitude of the NAMR 
(the magnetic tip) is very small comparing to the dis- 
tance between the tip and the spin, the magnetic field at 
the position of the spin produced by the magnetic tip is 
approximately written as 

B tip (z) = (A-Gz)e z (2) 

to the first order of approximation. Here, z is the small 
deviation of the magnetic tip from its balance position; 
i-k (k £ {x,y,z}) is the unit vector for the x,y,z axis 
respectively; A = fi m/(2nd 3 ) and G = i^m/ '(2nd 4 ). 

The NAMR with the magnetic tip is modelled as a 
harmonic oscillator in the lowest order of approximation, 
which is quantized in the following. The Hamiltonian of 
the coupling system reads 

H = -?L_ + \m eff Lolz 2 + jhB ■ S, (3) 
2m e // Z 

where m e // is the effective mass of the harmonic oscil- 
lator, p z the canonical momentum, uj c its frequency, —7 
the gyromagnetic ratio and 

B = B e z +B x (t)+B Up (z). (4) 

is the total magnetic field .The RF magnetic field B\(t) 
is 

Bi(t) = B\ cos(uj r t + ip)e x + B\ sa\(io r t + (p)e y (5) 



with B\ being its amplitude, uj r its frequency and ip its 
phase. By performing a "rotating reference frame" trans- 
formation in the x-y plane, the time dependence of B\(t) 
can be eliminated. Then in the rotating frame rotating 
around the z-direction at the frequency u r , the effective 
RF magnetic field reads 

B[ = (uj r /~f)e z + Bi(cos(pe x + sin ipe y ). (6) 

By defining the bosonic operators and a, the momen- 
tum and coordinate operators p z and z can be expressed 
as their linear combinations: 

* - Jr-t—V + «)■ A - */^pV - a). (7) 
V 2m e ffUJ c V 2 

In the rotating reference frame the Hamiltonian of the 
coupling system can be rewritten as H = Hb + Hs + Hi, 
where 

fr B = (o t o+-)fiw c (8) 
is the Hamiltonian of the NAMR, 

H s - (cos <pS x + sin ipSy) + (B + A + ^)S Z ] (9) 

7 

is the Hamiltonian of the spin part and 

Hi = -jhAGS z (<J + a) (10) 

describes the interaction between the spin and the 
NAMR. Here, S k = (l/2)a k (k e {x,y,z}) are the spin 
operators and A = (2m e f fLu c ). 
We set 

B + A+^=0 (11) 

7 

with the special setup parameters, i.e., the frequency of 
the RF magnetic field is just at the resonant point. By 
rotating the axes of spin as: S z = S x , S y = S y and 
S x = —S Zl we obtain the following Hamiltonian for the 
coupling system: 

H = htu c (a*a + — ) + 7?ii? 1 (cos <pS z + sin <pS y ) 

+?ig(^S- + aS+ + aS- + a f 5+), (12) 

where and a are creation and annihilation operators 
for the NAMR, S± = S x ± iS y are raising and lowering 
operators for the spin respectively, and the coupling con- 
stant between the mechanical oscillator and the spin is 
g = 7 AG/2. In the following sections we will explore two 
quantum features of this spin-boson model in two cases: 
on-resonance and off-resonance situation. 
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III. DYNAMICALLY SQUEEZING OF THE 
OSCILLATION OF THE NANOMECHANICAL 
RESONATOR 

In the case of off-resonance situation, there is no ob- 
vious exchange of energy between the spin and NAMR, 
but the squeezing effects of the oscillations of the NAMR 
appear because of the interference of the two oscilla- 
tion modes with respect to the two eigenstates of the 
spin. As is well known, the squeezed state is one kind of 
minimum-uncertainty state. The quantum fluctuation of 
one quadrature component of the squeezed state is less 
than that of the coherent state. Thus the uncertainty of 
the position or the momentum of the squeezed NAMR 
may be reduced below that in standard quantum limit 
[i0| . In the following we will show that the oscillation of 
the NAMR can be squeezed by the off-resonance inter- 
action with the spin. Similar quantum squeezing of me- 
chanical motion for the NAMR is discussed by Blencowe 
and Wybourne with the capacitive coupling NAMR and 
its substrate [TT| . and by Wang et al. with the NAMR 
coupling to a Cooper pair box 

The off-resonance interaction, i.e., in large detuning 
situation g -C A = \u> s — w c |, Hamiltonian l|12l) can be 
approximately written in a diagonal form by adiabati- 
cally eliminating coherent effect between the spin states 
|0> and |1) : 



Hdiag — 



E 

fe=0,l 



H k ®\k)(k\, 



(13) 



where we have put tp = in Hamiltonian (|12|l . The 
explicit form of H k is 



t (-ir 

tu c a'a H — to s 



k„2 



(-Ifff 
4A 



■(aV + 2a) a + aa + 1), (14) 



where lj s — 7-Bi- 

To diagonalize each effective Hamiltonian H k , we use 
the Bogliubov transformation or the called squeezing 
transformation: 



b k = n k a - v k a\ 
where the parameters 

1 ( r~r~r~ 1 

2 

are defined in terms of 



(15) 



fJ-k 




uj r A 



I w c A-(-l)V' 
The diagonal Hamiltonian then reads 

H k = n k (b k b[ + \) + E k (-i) k (^- - ij; 



(16) 



(17) 



(18) 




FIG. 2: (Color online) (a) The squeezing factor r k of the 
oscillation of the NAMR initially in the coherent state \a) 
for the different state \k) of the spin, (b) The maximum 
squeezing factor lnN k - The detuning g/A G [0.01,0.1] and 
coupling strength g/cu c £ [0.01,0.99]. 



where E k (0) = (-l) k (w s /2 - g 2 /(4A)). The eigen- 
frequency 



Hi 



l-(-l) h 



2cj c A 



(19) 



contains a term 5 = g 2 /2oj c A, which is called AC Stark 
shift and is essentially due to the Lamb effect. 

Since the coherent state of the NAMR is most close to 
the classical one, it seems to be feasible to prepare the 
NAMR in this state. Starting from the coherent state 
| a), at time t the NAMR will evolve into 



!*(*)>* 



-ifl k blb k t 



(20) 



with respect to the spin state \k) according to the above 
discussion. 

To evaluate the squeezing property of 1^ (t)) k , we first 
consider B k (t) |^ (t)) k , where 



B k (t) = Mt)h + Mt)K 



(21) 



is the time evolution of the Hciscnberg operators b k , and 
is found to be dynamical squeezing operators. Here, the 
time-dependent coefficients are 



(22) 



In fact, the state |* (t)) k of the NAMR is the eigen- 
state of squeezing operator B k (t) and the corresponding 
eigenvalue is a: 



Bk (t)\*(t)) k = a\*(t)) k . 



(23) 



Now we can write the quasi-excitations of B k (t) and 
B k (ty in terms of the elementary photon mode of a and 



B k (t) = Ul (t)a + u 2 (i) a\ 



(24) 
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where 



and 



U\ (t) = cos fl k t + i 
u 2 {t) = 2i(i k v k sinfifei, 



sin Q k t, 



(25) 
(26) 



i«iWi -m*)i = 1 - ( 27 ) 

According to Ea. (|2*S|l . the time evolution of the NAMR 
in the case of off-resonance follows the eigenstate of the 
quasi-excitation of Bf.(t). And the eigenstate of B k (t) is 
found to be squeezed state with respect to the elementary 
excitation of the NAMR of a and . The squeeze factor 
is calculated as 

r fe (f) = In ^2// fe i/ fc sin n k t + yj 1 + if^ij. sin 2 Q k t^ . 

The dynamical squeezings of the oscillations of the 
NAMR arc plotted in FigJ5](a), in which the time is in the 
unit of l/g. Depending on the spin state \k), the NAMR 
is dynamically squeezed with different frequencies £l k and 
with also the different maximum squeeze factor IniVfe. 
The maximum squeezing In N k of the oscillation of the 
NAMR depends on the detuning g/A and the strength 
of coupling g/min{u) c ,u> s }, which is shown in FigEl (b). 
Here, we have assumed that lo c < lu s in the plotting for 
convenience. The greater squeezing occurs with smaller 
detuning and stronger coupling. To guarantee the large 
detuning assumption in the above discussions, the detun- 
ing can not be too small. However, large squeezing can 
still be attained with the appropriate coupling strength. 

Similar to the JC model, in large detuning situation 
this spin-boson system exhibits "collapse-revival" phe- 
nomenon. When the NAMR is initially prepared in the 
coherent state \a), its position (x)t can be calculated by 
noticing the fact that the time evolution of the NAMR 
always follows the eigenstate of quasi-excitation B k (t). 
Therefore, we expand a + a^ in terms of B k (t) and B\ (t), 
then (x) t = (a + a') is calculated as 



1 



k 



— — cos f2fct — i sin Cl k t 



N, 



cos Q, k t + i sin Q k t 



), (29) 



where the spin is prepared in the state Co|0) + ci|l) ini- 
tially. When the spin is prepared in the superposition 
states, the oscillation of the NAMR collapses and revives, 
as illustrated in Fig[3J This is the result of the interfer- 
ence effect of the two oscillating mode il k labelled by the 
spin state |fc), which is a witness of the quantization of 
the NAMR. 



IV. SWITCHING BETWEEN JC 
HAMILTONIAN AND ANTI-JC HAMILTONIAN 

When the spin resonate with the NAMR, under the ro- 
tating wave approximation, one can obtain the JC model 
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FIG. 3: Oscillating of the NAMR under off-resonance situa- 
tion for the system of the NAMR and the spin. 



or anti- JC model from the spin-boson model of Eq. (|12|l . 
Then the spin and the NAMR form a "mechanical QED" 
structure - an analog of the cavity QED. ft is exciting 
that the "mechanical QED" offers a new analogue of cav- 
ity QED among various solid state cavity QED systems 

in nna e m m . 

Without loss of generality, in the following we assume 
that B\ > 0. When the phase of the RF magnetic field 
(f = 0, the Hamiltonian l|12fl becomes a JC Hamiltonian 

H JC = Uuj c (a^a+^) + huj s S z + hg(a Jt S-+aS + ), 

(30) 

under the rotating wave approximation. Here uj s — 
7-Bj > 0. This can be understood in the interaction 
picture, in which the term 



p 1 = e -i("c+us)t/h aS _ + e ,(o, c+u ,)t/s a tc 



(31) 



oscillates fast with higher frequency, and thus can be 
neglected. For this JC Hamiltonian in the large detuning 
limit g/A <C 1, where A = \uj c — oj s \, the dressed energy 
level of the NAMR is uj c + 2g 2 (S)/A. 

When the phase of the RF magnetic field <p = it, the 
Hamiltonian 1)12(1 becomes an anti-JC Hamiltonian 

Hajc — hcj c (a^a + — ) + hu> s S z + hg(aS- + a)S+), 

(32) 

under the rotating wave approximation. Here uj s = 
—"fB\ < 0. This can be understood in the interaction 
picture, in which the term 



F 2 = e- l{ ^- UJs)t/h aS+ + e^-^^a 1 S- 



(33) 



rather than F \ , oscillates fast with higher frequency, thus 
should be neglected. For this anti-JC Hamiltonian at the 
large detuning situation, the dressed energy level of the 
NAMR reads uj c - 2g 2 (S)/A. 

In the two situations of the JC and the anti-JC models 
that we discussed above, it is noticed that the AC Stark 
shifts have opposite signs. This motivates us to present 
a scheme for the single spin detection. The trick is sim- 
ilar to the interrupted oscillating the cantilever-driven 
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FIG. 4: Timing diagram for switching the coupling system 
between the JC and the anti-JC Hamiltonian. The initial 
state of the spin is supposed to be the ground state of the JC 
Hamiltonian. The frequency shift Sf = g 2 / A of the NAMR 
changes its sign when the system switches between the two 
Hamiltonians, while the state of the spin evolves little. 



adiabatic reversals (iOSCAR) protocol Q, and provide 
a convenient frequency shift detection without request- 
ing the difficult measurement of the absolute frequency 
of the NAMR. The RF magnetic field is interrupted for 
half a cycle periodically as illustrated in FigE|(c). Then 
the phase of the RF magnetic field ip will swing between 
and 7r correspondingly, which is illustrated in FigU(b). 
Therefore, as discussed above, the "mechanical QED" of 
the NAMR and the spin switches between the JC Hamil- 
tonian and the anti-JC Hamiltonian. When the switching 
is fast enough so that the spin only evolves little and is 
kept in its original state, i.e., the expectation of the spin 
(S) keeps its value, the frequency shift of the NAMR 
swings between 2g 2 (S}/A and -2g 2 (S}/A periodically 
as the consequence of this Hamiltonian switching, which 
is illustrated in FigQ](a). 

To discuss the frequency shifts of the NAMR with con- 
crete parameters in practical experiments, we write down 
the expression of the coupling constant 



8m e //w c 



10" 7 G 



{ eff 



(34) 



explicitly, here k e ff is the effective spring constant of 
the mechanical oscillator. Substituting the parameters 
of Ref.0, where G ~ 10 5 T/m, k eff = 0.11 mN/m and 
lo c = 5.5 kHz, in the above equation, we obtain a fre- 
quency shift about 7 Hz for the NAMR. Here we have 
supposed the detuning g/A = 0.1. The frequency shift is 
larger than that in the current OSCAR technique (about 
4 mHz in Ref.0) by three orders of magnitude. In the 
OSCAR the NAMR is treated as a classical oscillator. 
Therefore, if the temperature of the system can be re- 
duced to hu c /kB = 42 nK so that it enters the quantum 
regime, mechanical QED model indeed provides an effi- 
cient protocol for single electron s pin detection. 

There are some protocols [l9l l2fl l2lT | that promise 
to cool the temperature of the NAMR down to mK or 



even lower. However reducing the temperature of the 
NAMR still remains a great challenge in the experiments. 
To our best knowledge, the lowest temperature attained 
in the dilution fridge now is about 30 mK. So we con- 
sider another way to push the NAMR into the quantum 
regime by increasing its frequency rather than decreasing 
its temperature. Unfortunately, the effective spring con- 
stant of the simple structure resonator increases rapidly 
with the oscillator frequency: k e ff oc ui 2 . When the fre- 
quency of the NAMR increases, the coupling constant 
g oc \j ^/ZTc decreases. Therefore a much smaller fre- 
quency shift about 0.01 Hz occurs for a 1.5 GHz nanome- 
chanical oscillator with the simple structure like the one 
in Ref.Q, which makes it hard to be detected in the 
experiments. However, in Ref.[3J, an elaborately de- 
signed nanomechanical resonator with an antenna struc- 
ture reaches the frequency of 1.5 GHz with a smaller 
effective spring constant about 300 N/m. Therefore, for 
this enhanced resonator, the frequency shift is about 3 
Hz , which is larger than that of the simple structure res- 
onator by about two orders of magnitude. As indicated 
in Ea. H34f) stronger coupling constant g can be reached 
by increasing the magnetic field gradient and decreasing 
the effective spring constant of the nanomechanical res- 
onator. The stronger the coupling is, the larger frequency 
shifts is obtained. 

Developments in the experiments are still necessary to 
practise the presented protocol in detecting single spin. 
However, as no adiabatic condition is requested in this 
protocol, the frequency of the NAMR can be set to res- 
onant with the spin, while for the single spin detection 
with the OSCAR technique, such as Ref.0,13, the fre- 
quency of the NAMR must be much smaller than that 
of the spin. So if one sets the frequency of the NAMR 
at MHz, then a micro Kelvin temperature is sufficient to 
prepare the NAMR in the ground state, which is much 
more realizable in the experiments in the near future. 
And the frequency shift to be detected is about tens Hz. 
The required resolving power is about 10~ 6 . It is the 
same to that of the OSCAR MRFM mHz/kHz= 10~ 6 
0, which has already been achieved in the experiments. 
There is indeed no fundamental difficulty of the above 
suggested single spin detection. Actually there are still 
space to further optimize the frequency of the NAMR to 
balance the resolving power and the temperature to be 
attained. The discussion in this section suggests a single 
spin detection in the absence of the environment, which 
is far from the reality. In the next section we will discuss 
the influence of the thermal environments on the NAMR. 



DAMPING OF THE NANOMECHANICAL 
RESONATOR 



In the above discussions, we demonstrate various quan- 
tum optical phenomena due to the quantization of the 
NAMR. But due to the coupling to the complex envi- 
ronments in practice, these phenomena may be washed 
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FIG. 5: (Color on line) The damping of the NAMR. The 
energy of the NAMR (a f a)i is plotted with the NAMR or spin 
in excited state under weak coupling environment situation 
n/g = 0.2. The red(dashing) line is for the NAMR initially 
in the excited state, and the blue(solid) line is for the spin 
initially in the excited state. 



out. Therefore it is necessary to study the influence of 
environments. Both the spin and the NAMR are cou- 
pled to the environments, which causes the system damp 
their energy into the environments in thermal equilib- 
rium. It is suggested by the experiments of the MRFM 
that the spin has longer relaxation time than the NMR 
0- For the detailed discussions about the dissipation in 
the NAMR, one can refer to Ref. [H HI HI . The damp- 
ing behavior of the total system is mainly dominated by 
that of the NAMR. In general, we model the environment 
as a multi-mode boson bath coupling to the NAMR. The 
total Hamiltonian of the coupling system of the NAMR 
and the spin and the environment reads 



H, 



total 



H 



(A 



ab]) 



(35) 



Here , H is the Hamiltonian (|12|) of the total system, bj 
and bj are creation and annihilation operators of the jth 
mode of the environment, kj is the coupling constant be- 
tween the NAMR and the jth mode of the environment. 
We neglect various two-excitation processes, and terms 
such as abj and afbj are omitted in the total Hamilto- 
nian. 

We invoke Heisenberg-Langevin method to deal 
with this quantum damping problem. The operators 
ja^ ) m a"Q, (O = S z , S±), satisfy the following equations: 

4[(a f ) m a n O] = -U(at) m a n O,H] 
at n 



+(inQ{m - n) - -«(m + n)){{a)) m a n ) E 
+nmnn th ((a t y n - 1 a n - 1 ) E , 



(36) 



where k is the damping factor, Q the quality factor of the 
NAMR, and (...) e represents tracing of the environment. 

The higher order processes, such as the terms abj and 
a^b'j, of the NAMR are neglected in the following dis- 
cussions. Therefore the expectations of the operators in- 
cluding quadratic or higher powers in operators a and 



of the NAMR, such as (a 2 ) and (a^ 2 S z a), are zero. 
With these approximations we simultaneously obtain the 
closed system of equations: 



d{a)a) 

dt 
d(S z ) 

dt 
dX 

dt 

d((r S z a) 
dl 



— «;((r a) + gX + k% (37) 
-2gX (38) 
g(S z ) ~ X -kX + 2g{a)S z a) + g (39) 



= — gX — n(a ! S z a) 



(40) 



where n t h is the average thermal photons in the environ- 



ment, and X 



The above system of 



equations can be solved by Laplace transform method or 
numerically. In Fig|3]under situation of weak coupling to 
the environment, we plot the time evolving of the expec- 
tation of the energy of the NAMR (a^a) with the initial 
condition n th = 10, {a^a) + (S z ) = 11, X = {a^S z a) = 0. 
The case of stronger coupling to the environment, i.e., 
larger k/ g, is also studied. It is not surprising that the 
oscillation of the energy of the NAMR die out faster with 
larger n/g, and with sufficient strong coupling to environ- 
ment, no oscillation of the energy of the NAMR could be 
observed. This simple consideration suggests that even 
for non-zero temperature it is still possible to observe the 
energy oscillation between the NAMR and the spin as 
long as the coupling to the environment is weak enough. 



VI. SUMMARY AND REMARKS 

We have revisited a spin-boson model for the coupling 
system of the nanomechanical resonator and the spin. 
With the same blocks (the NAMR with a mgnetic tip 
and the spin) as that in the MRFM, but with the re- 
fined setup parameters, the NAMR enters the quantum 
regime and thus a fully quantum theory is needed. With 
the quasi-classical state (the coherent state) as the ini- 
tial state of the NAMR, the dynamical squeezing of the 
mode and also the oscillation of the NAMR is studied un- 
der the large detuning limit. Both the coherent state and 
the low frequency (large detuning) of the macro-size res- 
onator are preferred in the experiments. Squeezed states, 
even if there is the thermal noise and the displacement, 
can have non-classical properties, such as bunch distri- 
bution of phonon number prj l27l l28| . With the model 
setup and the predications of the quantum optical phe- 
nomena, we actually describe a cavity QED analog for 
the quantum dynamics of the coupling system. For the 
quantized NAMR, the spin-boson model for this coupling 
system can refer to a JC or an anti-JC model according 
to different physical accessible parameters. By modulat- 
ing the phase of RF magnetic field one can switch the 
system between the JC and anti-JC model. This obser- 
vation provides a potential protocol for the detection of 
the single spin. 
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